Sporobolomyces salmonicolor (asexual state of Sporidiobolus salmonicolor), an infrequent human pathogen, has not been previously reported as a pathogen of fish or domestic animal~.'.~JO This article reports extensive visceral mycosis with aerocystitis, myositis, peritonitis, and dermatitis due to hyphal and pseudohyphal forms of Sporobolomyces salmonicolor in Chinook salmon (Oncorhynchus tschawytscha).
Forty Chinook salmon fry (one month post-hatch) from a cold-water hatchery were presented live to the Animal Disease Diagnostic Laboratory at Purdue University, West Lafayette, Indiana, for euthanasia and necropsy. The Chinook salmon fry were hatched from eggs collected from a stream during a spawning run, had an uneventful hatch, and progressed from sac fry (alevins) to swim-up fry with low mortality (3%). Fry were trained to consume pelleted feed without incidence, and approximately 3 10,000 fry were divided into six cement raceways. The fry were maintained in the raceways at 15 C with a flow of 338 Wmin of aerated water originating from a well. One week after being placed in the raceways, the fry lost their fright response, congregated near outflow pipes, and became anorexic. The daily mortality in-creased from 3 to 12.7% in a single week and then decreased to 3% over a 3-week period. Of the dead fry examined by hatchery personnel during the peak in mortality, 90% (-36,000) were emaciated, while the remaining 10% (-4,000) had swollen abdomens and increased body pigmentation. The other raceways in the hatchery were stocked with steelhead trout fingerlings which were unaffected.
Five fry with swollen abdomens and increased pigmentation were euthanatized in water containing 150 mg/L of tricaine methane sulfonate (FinquelB, Argent Chemical Laboratories, Chicago, IL). White filamentous material covered the snout and preopercule of a single fry. Cytologic examination of the filamentous material revealed fungal hyphae that were intertwined, branched, and 6 Frn wide with few septa. Fungal, bacterial, and parasitic organisms were not observed in skin scrapings from the remaining four fry or in gill clippings from all five fry. The abdominal cavity of each fry contained 0.3 to 0.5 ml of a serosanguineous fluid. Microswabs of the ascitic fluid and kidneys were inoculated onto blood agar and MacConkey agar and incubated at room temperature (28 C). An additional five fry with swollen abdomens and increased body pigmentation were euthanatized. The abdomens were incised, and entire fry were placed in Bouin's fixative. Whole fry were sectioned transversely or longitudinally, embedded in paraffin, sectioned at 5 p m , and stained with hematoxylin and eosin (HE), Gomori's methenamine silver (GMS), and periodic acid-Schiff using previously described histologic techniques8
Four of the five fry had extensive mycotic granulomas of the abdominal viscera with mycotic aerocystitis, myositis, peritonitis, and dermatitis. Granulomas were characterized by macrophages, epithelioid cells, granulocytes, and limited fibroblasts admixed with mats of fungal hyphae and pseudohyphae. Hyphae were the predominant fungal form observed within tissue sections. The hyphae were 5 to 7 pm wide, branched, and had thin parallel walls with irregular septa (12 to 35 pm). The pseudohyphae were characterized by chains of oblong buds 6 to 8 pm wide and 4 to 8 pm long.
Both the hyphae and pseudohyphae stained poorly with HE but intensely and uniformly with GMS.
Swim bladders of the affected fry were obliterated by the mycotic granulomas, which extended to involve kidneys, intestine, and abdominal muscles (Fig. 1 ). The renal capsule was fragmented, and renal interstitium was expanded by mycotic granulomas. Severe bilateral necrotizing myositis with intralesional fungal elements involved the laterodorsalis, lateroventralis, and carninatus ventralis muscles (Fig. 2 ). Myofibers were hypereosinophilic, fragmented, and infiltrated by granulocytes and macrophages, and myofibers were separated by nonstaining fluid (low-protein edematous fluid). Sections of small and large intestines contained abundant intraluminal hyphae and pseudohyphae. The mucosa was segmentally eroded and ulcerated. A mild diffuse infiltrate of macrophages, epithelioid cells, and granulocytes was within lamina propria and submucosa. Aggregates of these inflammatory cells formed borders around the mucosal defects and were found scattered in the tunica muscularis and serosa. Portions of the intestine, mesentery, pancreatic acini, and immature gonads were effaced by the mycotic granulomas.
Hyphae were external to the integument and within the epidermis, dermis, and hypodermis. Increased numbers of melanomacrophages and small collections of granulocytes were adjacent to dermal and hypodermal hyphae. The epidermis was multifocally eroded and ulcerated, allowing the entrance of water into the underlying connective tissue and muscle.
A yeastlike organism and a bacterium were isolated from pooled kidney microswabs, plated on 5% sheep blood agar, and incubated at 28 C for 4 days. The yeastlike organism was identified by an automated microbiologic biochemical identification system (ViTek 120 @ , bioMerieux, Hazelwood, MO) as Sporobolomyces salmonicolor. The isolate did not assimilate D-galactose, lactose, sucrose, maltose, cellobiose, methyl-D-glucoside, xylose, D-arabinose, trehalose, melezitose, raffinose, N-acetyl-D-glucosamine, xylitol, ducitol, Ladonitol, palatinose, soribitol, erythritol, melibiose, and myoinositol. Sporobolomyces salmonicolor is either variable or negative for lactose, melezitose, L-adonitol, erythritol, melibiose, and nzyo-inositol.' The isolate was positive for glycerol, D-glucose, nitrate growth, and hydrolyzed urea. Sporobolomyces salmonicolor is variable or positive for D-glucose, nitrate, and urea.' The isolate was positive for 2-keto-D-gluconate, while Sporobolomyces salmonicolor is negative for this biochemical characteristic.' The isolate did not grow in 0.0 1% cycloheximide, while Sporobolomyces salmonicolor Vet Pathol 33:2, 1996 may or may not grow at that level of cyclohexamide (depending on which reference is
The isolate was identified by the ViTek 120 system as Sporobolomyces salmonicolor with a 99% confidence level. The confidence value was determined from positive and negative test probabilities generated by comparing biochemical results of the isolate to a data base consisting of results from representative strains (bioMerieux, personal communication). Colony formations on Sabouraud's dextrose agar were salmon-colored, raised, and mucoid with a flat and irregular fringe, consistent with Sporobolomyces. 'JO The bacterium was identified as Aeromonas salmonicida by the same automated identification system. With the absence of bacteria in tissue sections and the lack of lesions associated with furunculosis, the significance of the isolation of Aeromonas salmonicida was questionable, and the bacterium was considered to be a contaminant of specimen collection in this case. Aeromonas salmonicida are gram negative, nonmotile, short rods that can be isolated from the intestine ofhealthy carrier fish as well as from water sources.I2 The microswabs may have been contaminated with fecal material and/or water while the cultures were being obtained. Another problem associated with the culturing procedure (midbody amputation) was the size of the microswabs, which filled approximately one-third of the abdominal cavity. Ten of the emaciated fry were euthanatized for skin scrapings, gill clippings, and pooled aerobic cultures of kidneys and livers or for histopathologic evaluation using the same procedures and culture media as previously described. Pathogens were not observed or isolated from these fry using these methods. Pesticide screen (including organochlorines, organophosphates, and polychlorinated biphenyls) and multielement analysis (including lead, iron, arsenic, copper, aluminum, cadmium, mercury, and cobalt) of both the emaciated fry and the fry with swollen abdomens and increased pigmentation were unremarkable.
Additional fry and feed samples were submitted 3 weeks after the initial diagnosis. Hatchery mortality had decreased to 3% and consisted only of emaciated fry. Gross examination, skin scrapings, gill clippings, histopathology, bacteriology, and mycology failed to demonstrate or isolate any infectious agents. An unidentified yeastlike organism was isolated from one feed sample. The organism failed to grow in identification media; however, original colony formation on Sabouraud's dextrose agar were salmon-colored, raised, and mucoid with a flat and irregular fringe, compatible with Sporobolomyces. l o High mortality of salmon fry has been a major concern for several years at this hatchery as well as other hatcheries located in the midwestern and northeastern regions ofthe United States (J. Spitsbergen, personal communication). This high mortality has been recently named Early Mortality Syndrome of Salmonids (EMS) and has been associated with low thiamine levels in fry as well as spawning adults (J. Fisher, personal communication). The fry originally submitted to the Animal Disease Diagnostic Laboratory at Purdue University most likely represented two distinct processes. Ninety percent of the deaths consisted of emaciated fry, similar to the losses experienced in previous years. An infectious agent which could account for the emaciation was not identified in these fry. Noninfectious causes of emaciation and fry death, such as inability to adapt to commercial feed, diet formulation problems (inadequate nutritional content, poor palatability, or inappropriate food particle size), poor water quality (low dissolved oxygen, high ammonia, high nitrate, high nitrite, or temperature fluctuations), and excessive stress (handling of fry or a change of daily or weekly husbandry protocols) were not identified at the hatchery.13 Thiamine levels were not determined because the association between low thiamine levels and EMS was not known at the time of submission. Adults from the spawning run from which the eggs were collected were not available for health evaluation. Ten percent of the mortality that occurred at the hatchery consisted of fry with ascites and increased body pigmentation. Visceral mycosis was diagnosed, and Sporobolomyces salmonicolor was isolated from kidney swabs. Sporobolomyces was isolated from a sample feed (based on colony formation on Sabouraud's dextrose agar), but this does not conclusively identify the feed as the source of the organism.
The lot of feed used in the hatchery consisted of 50-lb bags of commercial feed (obtained every 3 months and stored frozen) and was used only for feeding Chinook salmon fry. Automatic feeders were stocked daily with enough feed for a 24-hour period. Several bags of feed were used before and during the period of increased mortality. The uneaten feed was rapidly eliminated by the rapid flow of the water (three complete water exchanges per day). The feed may have been contaminated during handling.
The pathogenesis of visceral mycosis in teleosts is not known. In salmon, the fungal elements are most likely ingested and pass through the pneumatic duct to localize in the swim bladder, where the organisms proliferate, infiltrate, and penetrate through the wall to involve abdominal and retroperitoneal viscera.6 Only those few fry that were still eating feed ingested the fungal elements. Another possibility is that the organisms are ingested, proliferate within the gastrointestinal tract, and extend from the gastrointestinal tract to involve other abdominal viscera. Death from gastrointestinal rupture with subsequent mycotic and septic peritonitis would most likely occur before the development of the extensive retroperitoneal lesions of the ludneys, swim bladder, and musculature as seen in these fry. Hematologic dissemination of the organism from a localized lesion is another possibility. In this case, neither the inflammatory reaction nor the fungal elements were oriented around the vasculature, nor were distal sites such as the brain and gill involved.
Sporobolomyces, part of the family Sporobolomycetaceae, are distributed worldwide and have been isolated from environmental sources including air, the Atlantic Ocean, oil brine, bark, and decaying grasses. and the presence of the organism was not confirmed histologically or cyt~logically.~J~ Unlike the AIDS patients, it was not determined if the Chinook salmon fry were immunocompromised. In human cases with histopathologic or cytologic confirmation of Sporobolomyces salmonicolor, the fungus existed as a yeastlike organism. The organism does not grow in culture at 37 C but readily grows as a yeastlike organism between 25 and 30 C.] At lower temperatures, hyphae and pseudohyphae are formed.2Jo The Chinook salmon fry were reared at 15 C, possibly accounting for the presence of hyphae and pseudohyphae and the lack of yeastlike organisms. The pathogenicity of the Sporobolomyces salmonicolor has been questioned; however, the extensive histologic alterations present in the infected fry leave little doubt about the pathogencity of hyphae and pseudohyphae forms of Sporobolomyces salmonicolor in Chinook salmon fry.,, Saprolegnia spp., Aspergillosis sp., Scolecobasidium humicola, Exophiliala sp., Ochoconis sp., Ichthyophonus sp., and Phialophora sp. have been reported in individual and epidemic cases of visceral mycosis in teleosts.6J2 This article presents the first reported case of Sporobolomyces salmonicolor involving cultured fish.
